High serum cholesterol is a major risk factor for atherosclerosis. This cross-sectional study (n = 102) investigated the levels of total cholesterol (TC) and triglycerides (TG) in Egyptian girls aged 11 to 16 years attending a middle-class public school. The mean TC level was 194.27 ± 21.97 mg/dl, and 33 .33% of girls had TC levels > 200 mg/dl. The mean TG level was 160.07 ± 30.83 mg/dl, with 3.92% of the girls showing TG levels > 2 00 mg/dl. Most of the girls (65.69%) were overweight, with body mass index (BMI) >25. Univariate analyses revealed an association of TC and TG with all anthropometric measures. Using stepwise regression analyses, the best model for prediction of TC was with BMI and central body fat (explaining 24.76% of TC variance); the final model for TG was with BMI, central body fat, and abdominal skinfold thickness (explaining 47.49% of TG variance). Our data show that these adolescent Egyptian girls were heavier and had higher blood lipid concentrations than subjects in the Bogalusa study and other studies worldwide. Further studies are needed to determine the factors associated with these higher lipid levels and to develop appropriate intervention programmes.
Introduction
Findings of epidemiological, family-genetic, and autopsy studies have demonstrated that the atherosclerotic process starts in childhood and further develops in adolescence and early adulthood [1, 2] . One of the most notable components of the atherosclerotic plaque is cholesterol, both in the cells and within the matrix of the arterial tissue [3] . Many paediatric epidemiological studies have demonstrated that blood lipid levels maintain their relative rank order over time, and therefore high levels in adulthood can be linked to high levels in childhood [4] [5] [6] [7] [8] .
Epidemiological and clinical data point to a possible relation between moderate obesity and premature atherosclerosis. The relationship is stronger with truncal obesity than with fat deposition in the hips or limbs [9] [10] [11] [12] . Adolescence is a period of rapid growth, sexual maturation, and emotional, behavioural, and social changes, all of which can have an effect on blood lipids. Evaluation of body-fat distribution in children and adolescents may help to identify persons most susceptible to cardiovascular risk in adulthood [13] .
No representative studies on lipids in adolescent girls have been performed in Egypt. Guidelines of the American Heart Association, the American Academy of Pediatrics [14] , and the United States National Cholesterol Education Program [15] give the following cut-off points for classifying children and adolescents (1 to 19 years of age) at risk for high blood cholesterol concentrations: 170 to 185 mg%, slightly elevated risk; >185 mg%, high risk.
We report the findings of our recent study on total cholesterol (TC) and triglyceride (TG) levels in middle-class adolescent Egyptian girls, relating them to anthropometric factors.
Subjects and methods

Study population
The study population was enrolled in a public middle school for girls in a middle-class neighbourhood in Giza, Egypt. It was considered representative of the middle social class. Approximately 550 girls (ages 11 to 16) were enrolled in grades 6 to 8. A 20% sample was drawn from each of the five classes per grade, and these girls were interviewed (n = 124). Consent forms were sent to parents asking permission to draw blood. This report concentrates on cholesterol and TG concentrations in 102 girls with a complete blood picture and biochemistry.
Determination of lipid profile
Venous blood samples were collected from each girl after an overnight fast, and concentrations of serum TC and TG were measured with the Boehringer-Mannheim Diagnostic Analysis Kit. Double quality controls were performed and revealed a coefficient of analytical variation of 1.2% for TC and 3.2% for TG.
Measurement procedures
The anthropometric measurements included height, weight, and sitting height; triceps, biceps, subscapular, suprailiac, abdominal, and femoral skinfold thicknesses; and chest, waist, hip, thigh, and mid upper arm circumferences.
Weight (to the nearest 0.1 kg) and height (to the nearest 0.5 cm) were measured on a balance beam scale with the girls wearing an examining gown over their underclothing and without shoes. All other anthropometric measurements were obtained as described by Steinkamp et al. [16, 17] , all on the right side of the body. Measurements were carried out by one graduate student who had been trained for six months. The mean of three readings was calculated and used in the analysis. Derived data were calculated as follows: Body mass index (BMI) = weight/height squared (kg/m 2 ). Body build = chest circumference/ height [18] . Body-fat distribution: upper-lower fat pattern = arm circumference/thigh circumference [19] ; central-peripheral fat pattern = subscapular skinfold/ triceps skinfold [19] ; waist-to-hip ratio (WHR) = waist circumference/hip circumference [16, 17] . The arm-tothigh ratio measures the relative distribution of upper versus lower peripheral body fat. The subscapular-totriceps ratio measures the relative distribution of central versus peripheral upper body fat.
Data analysis
Means, standard deviations, and ranges were calculated for each study variable. Pearson correlation coefficients were calculated among all independent variables and between each independent variable and each of the serum lipids (TC and TG).
To test the relative contribution of selected study variables to the variability of each lipid level, a multiple linear regression was performed followed by a stepwise variable selection procedure. In this analysis, we first seek the linear combination of anthropometric factors and lipid levels (TC and TG) that has the maximum correlation.
The independent variables in the regression procedure were potential correlates of each lipid level and were selected to minimize multicolinearity, or interdependence, so that two variables did not describe the same phenomenon. That is, if a high degree of association was found between two variables describing a similar phenomenon, only one would be entered in the stepwise model. Only variables selected as most potent from the preceding correlation analysis were treated as independent variables in a stepwise multiple regression. This method allowed us to determine the order of importance of each anthropometric variable for describing or predicting TC and TG. Only subjects with data available on every study variable were used in the stepwise regression analysis.
Statistical analyses were performed using the statistical package Stata [20] at the University of Arizona, Tucson. Two-sided p values <.05 were considered significant. Table 1 shows the distribution of the anthropometric measurements and lipid profiles for the study population. Most of the girls (66%) had BMI >25.
Results
The distribution of the girls' TC and TG levels is shown in figures 1 and 2. The mean TC and TG values of all girls were 194 ± 22 mg/dl and 160 ± 31, respectively. The percentages of TC and TG levels in various ranges are shown in table 2. Seventy-seven percent of the girls had TC levels greater than 185 mg/dl, and 22% had TG levels greater than 185 mg/dl. Thirty-four percent had TC levels greater than 200 mg/dl, and 4% had TG levels greater than 200 mg/dl.
A worldwide review [21-26] of TC and TG levels in adolescent girls in the last 20 years (table 3) allowed us to compare our results with those of other studies in different countries. The mean serum TC level in the adolescent Egyptian girls exceeded the levels in the Bogalusa study and other American reports by more than 15 mg/dl.
Univariate analysis
Pearson correlation coefficients between the various study variables and serum TC and TG are given in table 4. The findings show that neither TC nor TG was associated with age or pubertal stage. On the other hand, both TC and TG were significantly associated with all anthropometric measures except for height, span, and upper fat pattern. In addition, TC was not associated with either biceps skinfold thickness or WHR, and sitting height was not associated with TG. 
Discussion
Hypercholesterolaemia is well known as a major risk factor for coronary atherosclerosis. There is interest in measuring blood cholesterol levels in the young because there is increasing evidence that atherosclerosis has its beginning in childhood [1, 2] . Tracking of high TC and TG levels from childhood to adolescence and on into early adulthood is well documented in Western populations [4] [5] [6] [7] [8] . The need for cholesterol determination on a population basis and in the paediatric age group has been well described. One strategy of population comparison is to select a specific age and sex group for comparison across several populations. In our study, although most girls were overweight, they represented a wide spectrum of body weights and lipid levels. Our data revealed that the mean TC (194.27 mg/dl) and TG (160.07 mg/dl) serum levels of normal adolescent Egyptian girls were high in comparison with levels in other countries [21] [22] [23] [24] [25] [26] . Unfortunately, no qualifying survey was found from the Eastern Mediterranean region. The cause of these high levels requires further investigation, but it may be related to nutritional habits, considering the sedentary lifestyle of adolescent girls in Egypt. Gliksman et al. [27] studied 5,211 schoolchildren aged 10 to 15 years and reported that BMI was the highest, and aerobic fitness was the lowest, in children from Mediterranean and Middle Eastern countries. Japan  15  217  182  28  213  79  25  1982  23   Austria  <20  484 a  167  26  484 a  91  47  1992  24   Italy  school-children  -178  2  -82  3  1992  25   Tanzania  15-19  924  142  -924  42  -1993  26   Egypt  11-16  102  194  22  102  160  31 1996 this study a. Includes troth boys and girls.
Because adolescence is a stage of pubertal development, we decided to assess the Tanner stage when evaluating variables that might be associated with adolescent growth. We found no association between Tanner stage of puberty and lipid levels in this group of middle-school adolescent girls. Our results confirm the findings of Omura et al. [28] , who studied serum cholesterol changes over a five-year period in 172 junior high school girls and found no significant changes in serum cholesterol levels over this time. In other studies [29, 30] , no significant changes in lipids and lipoproteins were observed in girls during sexual maturation changes or overall for the adolescent period.
There is evidence that body composition in children and adolescents may be more closely correlated with TC levels in certain ethnic groups [31] . Lipidaemia and total cholesterolaemia increase with BMI [32] . In women, BMI and waist circumference by themselves did as well as body-fat distribution indices in explaining variation in TC and TG levels, suggesting the involvement of visceral fat in the relation between disease and body fat or body-fat distribution [33] . WHR has been used as an index of body-fat distribution in several studies [34] [35] [36] . Other studies [18, 19] used the ratios arm circumference/ thigh circumference and subscapular skinfold thickness/ triceps skinfold thickness to distinguish upper and central fat patterns. Although our sample was small (n = 102), we found a significant association between serum lipid levels and anthropometric indices of body weight and fat distribution. The main factors affecting TC and TG levels in our sample of adolescent girls seemed to be BMI and central body-fat pattern. In fact, the variability of TC and TG levels explained by these two variables is not as important as the fact that in their presence none of the measures of anthropometry had any predictive value for TC and TG levels except abdominal skinfold thickness for TG. The present results, as well as previous studies [9, 13] , show that even in adolescents, a truncal distribution of adipose tissue is related to elevated TC and TG serum levels. WHR was not associated with TC level but was significantly associated with TG level (p <.01). These results are in agreement with other studies [11, 13, 37] that found that WHR is associated with high concentrations of TG and only weakly related to concentrations of TC. The associations reported between WHR values and serum cholesterol concentrations in adolescent children from the Healthy Examination Study of the United States [37] may not reflect associations of TC with fat distribution, because changes in WHR during adolescence are more likely to be reflections of changes in the pelvis than in the adipose tissue. It is well demonstrated that during puberty and adolescence boys deposit more fat in abdominal areas than do girls, whose fat is predominantly localized on the hips [12] . These facts could explain the findings that in girls, various measures of adiposity, such as BMI and skinfolds, are related to lipid parameters, in contrast to boys, whose lipid levels are related to WHR.
In conclusion, our findings demonstrate the high prevalence of elevated levels of TC and TG in middleclass adolescent Egyptian girls and their association with overweight and central fat pattern, thus providing the basis for appropriate intervention by establishing school health education programmes that include both vigorous physical activity and lipid screening. Preventing or slowing the atherosclerotic process in childhood and adolescence could mean years of healthy life for many people.
